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Velocities of a, /3, and screw dislocations in InP crystals generated from surface scratches 
were measured as a function of stress and temperature by means of the etch pit 
technique. Effects of Zn and S impurities, acting as acceptor and donor, respectively, on the 
dislocation velocity were also investigated. It was found that Zn impurity strongly retards 
the motion of all types of dislocations. On the other hand, S impurity is found to 
reduce the mobilities of fl and screw dislocations while it enhances the mfability of CY 
dislocations. 
InP is an important material in optoelectronics to- 
gether with GaAs. It is the material for the laser diodes 
emitting at the wavelength of minimum loss in transmis- 
sion through silica optical fibers. Dislocations are known to 
be responsible for degradation of such optical devices. Dis- 
locations are introduced into the material under stress at a 
high temperature by means of generation followed by mul- 
tiplication. Such processes are controlled by the mobility of 
dislocations. Thus, understanding of the dislocation mobil- 
ity in this material is important for the technology to de- 
velop reliable devices. Three fundamental types of disloca- 
tions, namely, a, /3, and screw types, are available in a 
crystal with sphalerite structure. Up to now, a very limited 
number of reports have been published on the mobilities of 
dislocations in InP. For undoped InP data of only a-type 
dislocations are reported,’ while data of various types of 
dislocations are available only for highly doped materi- 
als.2*3 This letter reports the results of velocity measure- 
ments on the three different types of dislocations in un- 
doped InP and also shows how impurity doping affects the 
mobilities of different types of dislocations. 
Specimens were prepared from three kinds of crystals 
grown by the liquid-encapsulated Czochralski technique: 
an undoped n-type crystal with a free-carrier concentration 
of 4 X lOI cm - 3, a crystal doped with sulphur at a con- 
centration of 8 X lOI cm - 3 and a crystal doped with zinc 
at a concentration of 6 x 10” cm - 3. Specimens were fin- 
ished into a rectangular shape, approximately 2 x 3 x 15 
mm3 in size, with a [ilO] long axis and (iii) and ( 112) 
side surfaces. The surfaces were chemically polished with 
bromine-methanol reagent. The specimen was stressed at 
elevated temperature by means of three-point bending in a 
vacuum better than 10 - 3 Pa. The bending axis was chosen 
to be parallel to the [l 131 direction for the observation of --- 
the motion of a and /3 dislocations and the [l 1 l] direction 
for the observation of the motion of screw dislocations. 
Dislocations were generated from a scratch drawn along 
the [Ii01 direction at room temperature with a diamond 
stylus. The displacement of dislocations generated from the 
scratch during the stressing was observed by etch pits de- 
veloped by the HBr-CH,COOH etchant or A-B solution.5 
The effect of thermal decomposition of InP surface became 
appreciable when the specimen was stressed at a tempera- 
ture higher than 500 “C. The surface layer of such speci- 
men was removed approximately 10 pm in depth and then 
etched to reveal dislocations. The geometry of the speci- 
men as well as the details of experimental procedure are 
described in previous papers on GaAs6*’ 
Figure 1 shows the distribution of dislocation etch pits 
in an undoped InP specimen which was subjected to a 
resolved shear stress of 20 MPa at 300 “C for 3 h. Large 
etch pits showing a random distribution are related to 
grown-in dislocatiors. Arrays of small etch pits emerging 
out from the scratch in both the upward and downward 
directions are relat,ed to dislocations emitted from the 
scratch. It is easily verified from geometrical consideration 
that dislocations moved in the downward direction are a 
dislocations while those in the upward direction are fi dis- 
locations. It is known that dislocations are generated 
preferentially at the scratch under applied stress. 
The distance traveled by the leading dislocation in an 
array under a given stress divided by the stressing duration 
is taken as the velocl ty of the dislocation under that stress. 
The velocity was measured as a function of the tempera- 
ture in the range between 300 and 500 “C and of the re- 
solved shear stress in the range between 2 and 20 MPa. 
Figure 2 shows the velocities of a, /3, and screw disloca- 
tions at 400 “C plotted against the resolved shear stress in 
undoped InP. As seen in the figure, the logarithm of the 
velocity is linear to the logarithm of the stress for all the 
types of dislocations with approximately the same slopes. 
Figure 3 shows the velocities of various types of disloca- 
tions under a resolved shear stress of 20 MPa plotted 
against the reciprocal temperature in undoped InP. It is 
seen that fl dislocations move faster than a dislocations in 
a temperature range higher than 350 “C while the situation 
FIG, 1. Dislocation etch pits developed around a scratch in an undoped 
InP specimen stressed at 300 “C. 
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FIG. 2. Velocities of CI, fi, and screw dislocations in undoped InP at 
400 “C as dependent on the resolved shear stress. 
is reversed in the lower temperature range. Screw disloca- 
tions are the slowest under the experimental condition cov- 
ered in the present work. 
The velocity u of dislocations in undoped InP can well 
be described with the following empirical relation as a 
function of the stress 7 and the temperature Tin the tem- 
perature range lower than about 500 “C: 
U=UO(T/TO)“’ exp( - Q/kT), (1) 
where r. = 1 MPa and k is the Boltzmann constant. The 
magnitudes of uo, m, and Q are 
uo=4X104 m/s, 
m= 1.4, Q= 1.6 eV for Q dislocations, 
uo=2X 10” m/s, 
m = 1.8, Q=2.3 eV for /? dislocations, 
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FIG. 3. Velocities of a, 0, and screw dislocations in undoped InP under 
a resolved shear stress of 20 MPa plotted against the reciprocal temper- 
ature. 
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FIG. 4. Velocities of a, 8, and screw dislocations under a shear stress of 
20 MPa at 450 “C in undoped InP and InP doped with Zn or S at con- 
centrations shown in the figure. 
vo=4X lo4 m/s, 
m= 1.7, Q= 1.7 eV for screw dislocations. 
Effects of Zn and S impurities on the velocities of a, fi 
and screw dislocations have been investigated for a partic- 
ular stress of 20 MPa at a temperature of 450 “C. The 
results are shown in Fig. 4. It is seen that the velocities of 
all types of dislocations are drastically reduced from those 
in undoped InP upon doping the Zn acceptor impurity. On 
the contrary, doping of the S donor impurity gives rise to 
an increase in the velocity of cx dislocations and, at the 
same time, to decreases in the velocities of /3 and screw 
dislocations. As a consequence, the velocity of a dislca- 
tions is higher than that of fi dislocations. The effect of the 
donor impurity seems to be less drastic than that of the 
acceptor impurity. 
Retardation effect of Zn impurity on the dislocation 
motion is reflected on the increase in the yield strength of 
InP due to Zn doping.* It is to be noted that the effects of 
donor and acceptor impurities on the dislocation mobility 
in InP are quite in contrast with those in GaAs,’ in which 
doping of acceptor impurity is observed to enhance the 
velocity of only fl dislocations while doping of donor im- 
purity retards the motion of all types of dislocations. Seki 
et al9 reported that Zn doping was effective for growing 
InP crystals of low dislocation density whereas S doping 
was effective for that of GaAs of low dislocation density. 
These facts are well interpreted in terms of retarding effects 
of such dopants on dislocation motion. 
The details of impurity effect on dislocation mobility in 
InP will be published elsewhere soon. The authors are 
grateful to Dr. J. Takahashi and Dr. 0. Oda of Nippon 
Mining Co., Ltd. for the supply of InP crystals, 
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